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Abstract 
The paper analyses the differences in the technology and technical efficiency of Czech and Slovak processing companies in the 
period 2003–2012. A random parameters model with sector and country dummies is employed to capture sectoral and national 
differences in technology. The paper addresses two research questions. The first question relates to technology. In particular, we 
investigate whether inter- and intra-sectoral differences, as well as differences between Czech and Slovak processing companies, 
are pronounced. The second question considers the development of technical efficiency. The paper analyses the differences 
between the technical efficiency of Czech and Slovak processing companies and the sources of its development. 
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1. Introduction 
Food processing is a key part of the processing industry in the Czech Republic because it is necessary for the 
food self-sufficiency of the country. However, its position in the national economy has decreased in recent decades. 
In 2012, food, beverage and tobacco production contributed by 2.3 % to the gross value added in current prices in 
the Czech Republic, and by 2.8 % to employment. However, the share of gross value added of the mentioned branch 
was 3.8 % in 2000, and the share of total employment was 3.2 % (IAEI, 2013 and IAEI, 2005). The mentioned 
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decrease in the position of the food processing industry in the national economy can also be seen in the Slovak 
Republic where the share of food processing industry on total employment was 1.6 % in 2012 and the share of 
revenues on total revenues in industry decrease from 11.1 % in 2000 to 5.6 % in 2012 (according to SLOV STAT).  
The presented paper focuses on three branches of the food processing industry which are facing competitiveness 
problems: oil, dairy and milling. Of the mentioned branches, the dairy sector can be seen as the most important 
because it has the highest number of companies, accounting value added and number of workers. In 2012, there 
were 248 companies focused on milk processing in the Czech Republic, employing 8.088 workers and creating 
5.340 million CZK in accounting value added (AVA) in current prices. In relative terms, this branch contributed by 
9.0 % to employment in the food processing industry and by 11.6 % to the accounting value added of this industry. 
Nonetheless, dairy processors have been facing huge foreign imports in recent decades. Supranational chains prefer 
foreign suppliers because of the lower prices, but often at the cost of lower quality than can be achieved by domestic 
production. The second analyzed sector – milling – can be characterized by 170 companies, 2,862 employees and 
1,376 million CZK of AVA, and the Czech oil sector is represented by 21 companies, 736 workers and AVA of 544 
million CZK (more in IAEI, 2013).  
The development of the mentioned sector is connected with a significant decrease in the number of workers and 
an increase in the number of acting companies. This is the result of ongoing structural changes in the food 
processing industry. Changes in the use of inputs raises the question of how appropriately inputs are used and how 
competitive companies are. Competitiveness can be analyzed with regard to technical efficiency, and this analysis 
could provide important information about the best-performing companies in the mentioned sectors. 
Although one can find many studies dealing with production and technical efficiency in the Czech and Slovak 
agri-food sectors (e.g. Mathijs et al. (1999), Sojková et al. (2008), Bielik and Hupková (2011), Malá (2011), 
Čechura (2012), Pechrová and Vlašicová (2013)), only a few is focused on food processing sectors in these 
countries (e.g. Daňková and Bosáková (2005), Latruffe (2010), Čechura and Hockmann (2010), Čechura and 
Hockmann (2011)). 
The paper addresses two research questions. The first question relates to technology. In particular, we investigate 
whether inter- and intra-sectoral differences, as well as differences between Czech and Slovak processing 
companies, are pronounced. The second question considers the development of technical efficiency. The paper 
analyses the differences between the technical efficiency of Czech and Slovak processing companies and the sources 
of its development. 
The paper is organised as follows: Chapter 2 presents the estimation strategy; Chapter 3 describes the data set; 
Chapter 4 presents the results of stochastic frontier estimation and analyzes the technology and technical efficiency 
of the chosen sectors of the food processing industry, focusing on sectoral differences as well as the differences 
between Czech and Slovak processing companies; Chapter 5 discusses the results and provides a conclusion. 
2. Empirical strategy 
The food processing industry is characterized by large companies which are often managed by professional 
managers. That is, the role of owners and managers is divided. In this respect, maximisation of the return on capital 
(r) is preferable to the conventional profits maximisation assumption. In other words, we follow Georgescu-Roegen 
(1951) and assume, as an appropriate decision rule, the maximization of returns on capital: 
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Solving this maximization problem (see Čechura and Hockmann, 2011), and assuming that the transformation 
process can be well approximated by a translog function, we get: 
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Moreover, we assume that the technology can be expressed in the form of an input distance function. That is, we 
apply the restrictions resulting from application of the distance function and normalise the function by k: 
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If we introduce the inefficiency term u and the time variable t, capturing technological progress, we get: 
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Finally, we assume three kind of heterogeneity – inter-sectoral, intra-sectoral and heterogeneity among countries. 
We consider these three kinds of heterogeneity by expanding the first-order terms in (4): 
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where d represents dummy variables which account for inter-sectoral and inter-country differences in 
technologies. In the empirical application, we distinguish between four sectors (oils, dairy, milling and others). 
Moreover, a dummy variable for Slovakia and each analysed sector (oils, dairy and milling) is introduced to capture 
inter-country differences. The variable K represents an unobservable random variable which is assumed to capture 
technology differences among firms which are not covered by the dummy variable, and which is assumed to follow 
a standard normal distribution, i.e., K ~ N(0,1). The specification (4) with a definition of parameters in (5) is 
estimated using a random parameter approach (Tsionas (2002) and Greene (2005)) in SW NLOGIT 5. 
The RPM model can be summarized as follows:       
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The subscripts i and t denote firm and time, respectively. Since we use an unbalanced panel dataset,  it   and  i  represents a subset of years Ti from the whole set of years T (1, 2,…, T), for which the observations of the i-th 
processing firm are in the data set. 
Efficiency is estimated using the Jondrow et al. (1982) procedure.  
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3. Data 
The data used in the analysis is drawn from the Amadeus database, created and produced by Bureau van Dijk. 
The database contains financial information for public and private companies across Europe.†   
The panel data set that we use in our analysis contains companies whose main activity is food processing 
according to the NACE classification (NACE 10 – manufacture of food products – groups from 10.1 to 10.9). It is 
an unbalanced panel data set, which represents the period from 2003 to 2012 and contains, after the cleaning process 
(we exclude those companies with negative and zero values of the variables of interest), 330 food processing 
companies from the Czech and Slovak Republics. Thus, we were constrained to using an unbalanced panel data set 
containing 2,392 observations (1,887 for the Czech Republic and 505 for Slovakia), i.e., on average 7.25 
observations per company in the period from 2003 to 2012. Table 1 presents the structure of the data set.  
 
Table 1. Structure of the Data Set  
  Sector Total 
Oils Dairy Milling Others 
Country Czech Republic 23 283 110 1,471 1,887 
Slovakia 8 87 36 374 505 
Source: Amadeus database 
 
The following variables were used in the analysis: output (yit), labour (Lit), capital (Cit) and inputs (material) (Mit). 
Output represents operating revenue (turnover) of the company deflated by the sectoral index of food processing 
prices (EU level – 27 countries; 2010 = 100). Labour input is total number of employees. Capital represents the 
book value of fixed assets, and variable inputs (materials) were used in the form of total costs of materials and 
energy consumption per company. Both capital and material inputs were deflated by the index of producer prices in 
the industry (country level; 2010 = 100). 
4. Results 
4.1. Parameter estimate 
Table 2 provides a parameter estimate of the derived model (6). The estimated parameters conventionally 
discussed in the production function estimates are highly significant. This also holds for the majority of coefficients 
which capture inter- and intra-sectoral heterogeneity. Inter-country heterogeneity is pronounced only for some 
sectors. Thus, we can already conclude that heterogeneity among firms as well as among sectors is an important 
characteristic of Czech and Slovak food processing, and has to be considered when conducting a reliable analysis of 
the sector. This also holds for pronounced country-specific effects.  
As far as theoretical consistency is concerned, the model specification implies that the estimation should inherit 
the properties of an input distance function. According to Färe and Primont (1995), the input distance function 
should be non-increasing in outputs, as well as non-decreasing and concave in inputs. That is, the monotonicity 
requirements for inputs implies: EL > 0, EM > 0 and EL + EM < 1. Table 2 shows that these conditions are met, even if 
inter-sectoral and inter-country heterogeneity is considered. Moreover, concavity in inputs requires Eqq +Eq2 – Eq < 0 for q = L, M. This condition holds for both inputs, but for labour only if inter-sectoral heterogeneity is 
considered. 
Since all variables are normalised in logarithm by their sample mean, the first-order parameters can be interpreted 
as cost shares at the mean. The most significant portion of company expenditures is for materials. This was 
expected, since the procurement of agricultural raw materials usually constitutes the majority of the cost in the food 
 
 
†  More information on the Amadeus database is provided at: http://www.bvdinfo.com.  
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processing industry. Significant differences in both sectors, except for milling and firm, were revealed by the 
estimates. Moreover, we found significant country specifics in technology for materials in the Slovak dairy sector, 
which could be due to the different materials structure. The cost share of materials inputs in the Slovak dairy sector 
was significantly lower compared to the Czech dairy sector. Inter-sectoral effects were present for both inputs in the 
oil and dairy sectors. Both cost shares were higher in the oil sector, whereas the dairy sector was characterised by a 
higher labour cost share and a lower materials cost share.  
In addition, we found that technical change was pronounced. On average, production possibilities in Czech and 
Slovak processing industries increased by 2.9 % per year. However, technical change slightly decelerated in the 
period under investigation. Significant sector-specific effects were estimated for the oil and dairy industries. In these 
sectors, we estimated significant technological progress. However, in the case of the dairy industry, this holds only 
for the Czech Republic. Firm-specific effects were also slightly pronounced. Country-specific effects were 
pronounced in the Slovak dairy sector. The estimated effect was negative. In addition, the estimates for biased 
technical change were significant for both labour and materials inputs. Technical change was labour-using and 
materials-saving. 
 
Table 2. Parameter estimate 
Distance function 
First-order effects 
i = 1, …, 4. 1 = Constant 2 = Time (T) 3 = Labour (L) 4 = Materials (M) 
  Coef. SE Coef. SE Coef. SE Coef. SE 
βi 0.0298 *** 0.00558 0.0289 *** 0.0019 0.0720 *** 0.0039 0.8475 *** 0.0027 
Inter-sectoral heterogeneity 
βi_oils 0.6243 * 0.03359 0.0719 *** 0.0143 0.0597 *** 0.0226 0.0457 ** 0.0226 
βi_dairy 0.0109   0.01046 0.0332 *** 0.0029 0.0255 ** 0.0110 −0.0438 *** 0.0076 
βi_milling 0.0114   0.01708 −0.0078   0.0053 0.0216   0.0180 0.0317   0.0233 
Country−specific effects 
βi,SK_oils −0.0336   1.9454 0.0032   0.6735 0.0199   0.8821 −0.0155   3.5355 
βi,SK_dairy −0.0599 *** 0.0204 −0.0359 *** 0.0075 0.0395   0.0271 −0.0513 *** 0.0126 
βi,SK_milling −0.0100   0.0426 −0.0001   0.0116 0.0095   0.0338 0.0104   0.0646 
Intra−sectoral heterogeneity 
β0η 0.0135 *** 0.0028 0.9215 *** 0.0019 0.1209 *** 0.0015 0.1554 *** 0.0018 
Second−order effects 
  Coef. SE Z-val. 
  
βTT −0.0070 *** 0.0011 −6.23 
βLT 0.0202 *** 0.0009 21.42 
βMT −0.0523 *** 0.0009 −58.54 
βLL 0.0947 *** 0.0020 47.99 
βMM 0.0363 *** 0.0007 49.45 
βLM −0.0446 *** 0.0009 −52.24 
                
Sigma 0.2357 *** 0.0054 436.02 
Lambda 2.6923 *** 0.0782 34.44 
Note: ***, **, * denote significance at 1 %, 5 % and 10 % levels.  
Source: Own calculation 
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4.2. Technical efficiency 
The presented results of stochastic frontier estimation denoted a dissimilarity between the analyzed sectors and 
countries, which could also lead to differences in the ability of companies to fully draw on their production inputs 
and produce the maximum value of outputs. This section is targeted toward the heterogeneity in technical efficiency 
among Czech and Slovak companies focused on the oil, dairy and milling industries. 
The basic statistical characteristics of the technical efficiency of Czech and Slovak food processing companies in 
the chosen sectors are provided in Table 3. The average technical efficiency of Czech companies which processed 
oils was the highest of the analyzed sectors (85.5 %). The value of the standard deviation shows that approximately 
two-thirds of oil companies reached a technical efficiency in the interval 76.4 %–94.6 %. Only 10 % of the analyzed 
oil companies have a technical efficiency lower than or equal to 71.8 % in the analyzed time period. However, 
determining the factors that imply a high ability to fully use production possibilities is very difficult because there 
are no similarities between the ten percent of companies with the highest technical efficiency. They include small 
firms with only 3 workers, as well as large ones with 1,250 employees. In addition, the intensity and productivity of 
inputs do not have similar features. Only one result can be obtained from a comparison of the average value of the 
first and ninth deciles. The most efficient firms have significantly higher capital productivity compared to the 
companies with the lowest technical efficiency. 
Slovak oil companies did not achieve as much efficiency as Czech oil companies. However, the difference in 
average value is very small (1.5 percentage points), and the minimum value is higher by 10.7 percent points than the 
Czech minimum value; only 10 % of Slovak oil companies have a technical efficiency higher than 89.1 %. 
Regrettably, the previous result about capital productivity and technical efficiency cannot be analyzed in the Slovak 
sample because of the small number of Slovak oil companies. 
 
Table 3. Technical efficiency 
  Average Min Max 1st decile 9th decile Standard deviation 
CZE 
Oil 0.8549 0.6806 0.9690 0.7183 0.9635 0.0907 
Dairy 0.8524 0.5299 0.9735 0.7747 0.9237 0.0678 
Milling 0.8531 0.6200 0.9493 0.7524 0.9283 0.0724 
SLO 
Oil 0.8397 0.7876 0.9503 0.7951 0.8909 0.0502 
Dairy 0.8427 0.3026 0.9801 0.7803 0.9017 0.0890 
Milling 0.8380 0.6595 0.9549 0.7472 0.9246 0.0682 
Source: Own calculation 
 
The higher opening scissors of technical efficiency is evident in the dairy sector. The variation range between the 
minimum and maximum values of technical efficiency is 67.8 % in Slovak companies and 44.4 % in Czech 
companies in the analyzed time period. However, the average value is also about 85 % in Czech companies and 
84 % in Slovak firms. It is appropriate to add that the lowest value was achieved in 2010 by the company with 
the highest material and capital intensity, measured per worker. A similar situation is found in the case of the Czech 
dairy company with the minimum value of technical efficiency, where the capital intensity is also higher than in 
other firms. Both companies with the lowest technical efficiency can be characterized by low capital productivity. A 
comparison of the average value of capital productivity in the sample categorized by deciles leads to similar results 
as in the oil sector. The firms with the highest technical efficiency have higher capital productivity. A similar result 
can be obtained for the sample of Slovak companies. Finally, the highest average values of technical efficiency 
(about 86 %) were achieved in bigger companies, with 251–500 employees, in both countries. The number of 
workers ranged from 3–1,750 in the sample of Czech firms and 38–375 in the Slovak sample. 
In the milling sector, the average value of technical efficiency was 85.3 % in the Czech companies, and only 
10 % of companies had a technical efficiency less than or equal to 77.5 %. In the case of Slovak mills, the average 
technical efficiency was 83.8 % in the analyzed time period, and only 10 % of companies had a technical efficiency 
less than or equal to 74.7 %. Mills are characterized by a lower number of workers than dairy companies. The 
99 Lukáš Čechura and Zdeňka Malá /  Procedia Economics and Finance  12 ( 2014 )  93 – 102 
number of workers ranges from 38–375 in the Czech milling sample and 75–375 in the Slovak sample. Higher 
technical efficiency was achieved in mills with 201–300 workers in the Czech companies (86.9 %), where 
the efficiency grew up to 300 employees (see Figure 1).  
 
 
 
Fig. 1. Relationship between technical efficiency and number of workers in the milling sector 
Source: Own calculation 
 
However, the relationship between technical efficiency and number of employees was definitely negative in 
the Slovak sample. This means that the competitiveness of Slovak companies decreased with the size of the 
company. Companies with fewer than 101 workers were technically more efficient than the others; technical 
efficiency there was 85.6 % on average. Figure 1 also shows that the variation range of Czech companies was the 
highest in marginal categories; however, in Slovak companies the highest variability was in the category of 101–200 
employees, and the greatest similarity in technical efficiency was in companies with 201–300 workers. Finally, it 
shows that Czech mills can achieve high technical efficiency (close to the maximum technical efficiency) in all size 
categories; however, Slovak companies achieved such high technical efficiency only in the category of 101–200 
workers. 
From a capital productivity point of view, the mills with higher capital productivity achieved higher technical 
efficiency in both countries. These mills can also be characterized by the higher productivity of material. 
Technical efficiency also varied during the analyzed time period, especially in the oil sector (see Figure 2), where 
the average value of the technical efficiency of Czech and Slovak companies in the analysed sector are presented for 
the period 2003–2011. Values for the year 2012 are missing because of the low number in the sample. 
In the oil sector, the technical efficiency of Czech companies ranged from 70.9 % in 2008 to 94.8 % in 2005, and 
its development had regressive tendencies. On the other hand, the technical efficiency of Slovak companies focused 
on oils varied from 78.8 % in 2006 to 95.0 % in 2010, and its development was progressive. This shows a decrease 
in Czech competitiveness in the oil sector. 
On the other hand, the development of milling was very similar in both analyzed countries. The worst value was 
in 2008 (76.8 % in Czech companies and 75.7 % in Slovak ones), and the best in 2006 (89.7 % in the Czech 
Republic and 89.5 % in the Slovak Republic). In recent years, however, the disparity between countries has grown. 
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Fig. 2. Development of technical efficiency 
Source: Own calculation 
 
A detailed comparison can be made for the dairy and milling sectors, where there are a higher number of 
companies in the analyzed sample. The development of extreme values is shown in Figures 3 and 4. 
The maximum value of technical efficiency was stable in the dairy sector in the Czech Republic, and was close to 
maximal efficiency. This means that the best firms in the dairy sectors have a strong market position. On the other 
hand, the minimum value varied from 53.0 % in 2007 to 80.3 % in 2006, and its development indicated that 
companies with low efficiency have lost their position in the market for dairy products. 
  
 
Fig. 3. Technical efficiency – dairy 
Source: Own calculation 
 
The situation in the Slovak Republic is different. After the first stage of a very close range of technical efficiency 
in the dairy sector, there was a significant decrease in the minimum value of technical efficiency and it achieved an 
extreme value in 2010, when the worst firm had a technical efficiency of 30.3 %. However, the mentioned company 
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reached 98.0 % technical efficiency a year later, which could be a result of structural changes in Slovak dairy 
companies. It indicates an increase in the competitiveness of Slovak dairy companies.  
   
 
Fig. 4. Technical efficiency – milling 
Source: Own calculation 
 
In the milling sector, the development of the technical efficiency of Czech companies is characterized by a 
reduction in the abilities of firms to draw on their production possibilities. The variation range decreased from 
17.7 % in 2003 to 11.1 % in 2011, and this change was caused by an increase in the technical efficiency of the worst 
company. The variation range of the technical efficiency of Slovak mills also decreased (from 18.2 % to 8.3 %), 
however this was due to a decline in the maximum value of technical efficiency. It indicates that Slovak companies 
focused on milling are losing competitiveness, while Czech companies are gaining a stronger position in the market. 
This could have important implications for the development of Czech foreign trade in cereal products. 
5. Conclusions 
In the conclusion we focus on the questions raised in the introduction. As far as the first question is concerned, 
i.e., whether inter- and intra-sectoral differences and differences between Czech and Slovak processing companies 
are pronounced, we can conclude that inter-sectoral differences, except for milling, and intra-sectoral heterogeneity 
for all sectors are highly pronounced, and must be considered in the estimation of a joint transformation function. 
Moreover, we found significant differences in technology between the Czech and Slovak dairy industries. This 
especially concerns the productivity parameter, technological change and the cost share of materials. All the 
estimated country-specific effects are negative for Slovak dairy companies.  
The second question considers the development of technical efficiency. From the provided results, it is clear that 
technical efficiency is high in all analyzed sectors, and higher in the Czech Republic than in the Slovak Republic; 
however, the differences between the average technical efficiencies of Czech and Slovak companies are only small. 
Variability in the technical efficiency of companies can be found in each sector; however, the highest variability in 
technical efficiency is evidenced in firms focused on milk processing, and especially in the Slovak Republic. In this 
sector, companies with higher capital productivity and with a number of workers in the range 251–500 are more 
technically efficient. This holds true for both analyzed countries. An analysis of the development of technical 
efficiency indicates that the best Czech firms in the dairy sector have a strong market position, and companies with 
low efficiency have lost their position in the market for dairy products. In the Slovak Republic, an increase in the 
competitiveness of dairy companies is evident. In the milling sector, technical efficiency is also higher in companies 
with high capital as well as material productivity, and it increases along with the number of employees, up to 300 
employees in the Czech Republic. On the other hand, the relationship between technical efficiency and number of 
employees is negative in the Slovak sample. This means that the competitiveness of Slovak companies decreases 
with the size of the company. Finally, one can conclude that Slovak companies focused on milling are losing 
competitiveness, while Czech companies are gaining a stronger position in the market.  
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